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Abstract 
The rural, forest roads are basic and important elements in the economic progress and social 
promote procedures for health, income, Facilitate Future Development, Technology Transfer 
and education potential of the communities of remote areas in Malaysia. Using chemical 
material additives such as waste polymer, cement, lime and sulphuric acid treated mineral oil as 
the soil stabilizers used to improve these roads was the main aims of this study. We studied an 
evaluation to develop the durability and geotechnical strength properties of tropical laterite 
soils. Their behaviour was tested to determine their influence into the surface of tropical remote 
access roads. It was found that the increase in strength of cushioned laterite soil reaches to 
maximum after 14 days for both soaked and unsoaked conditions in unconfined compressive 
strength test (UCS), the considered chemical stabilizers are recommended for using on low cost 
unpaved roads to reduce construction and maintenance charges as well as assurance the unpaved 
roads strength in rainy weather and dust-free in dry conditions. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 
Department of Civil Engineering, Sebelas Maret University  
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1. Introduction  
Roads have very essential and important role in the progress and promotion of a 
country and most of the transportation and services are via roads. Therefore quality of 
them is so much important for each country. Many of less important roads in each 
country are not completed to the pavement level and called unpaved roads. There are 
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many unpaved roads in Malaysia states especially in Johor and based on the fast 
growing situation in Malaysia it is needed to establish it much more. 
In Malaysia, the practice of using chemically stabilized soil is still uncommon, 
attributed to its high cost in comparison to the production cost of bituminous mix and 
concrete. However, more than half of the area in Malaysia is covered with granite and 
sedimentary residual soils. Given the humid tropical climate that prevails in Malaysia 
which is characterized by high temperatures and heavy rain falls, the formation of 
tropical residual soils is intense with a predominance of chemical weathering of rocks, 
thus resulting in deep weathering profiles and soil mantles often exceeding 30 m. This 
feature gives relatively abundant materials for engineering works such as highway cut 
slopes, urban developments, dam site excavation, road constructions and others (Bujang 
et al. 2008). 
In general soil stabilization is regarded as any process such as chemical, thermal, 
mechanical by which some undesirable properties of soil are mitigated or overcome 
(Ingles and Metcalf 1972). There are many stabilization methods available for 
stabilizing expansive soils. These methods include stabilization with chemical additives, 
rewetting, soil replacement, compaction control, moisture control, surcharge loading, 
and thermal methods (Nelson and Miller 1992; Steinberg 1998). Many investigators 
have experienced on natural, fabricated, and by-product materials to use them as 
stabilizers for the modification of clayey soils (Prabakar et al. 2003;Kalkan and akbulut 
2004; Cetin et al. 2006). Several previous investigations indicate that strength properties 
of fiber-reinforced soils consisting of randomly distributed fibers are a function of fiber 
content and fiber-surface friction along with the soil and fiber strength characteristics. 
The use of fibers in geotechnical design and application is a major focus of several 
research studies because fiber materials are cost competitive with other materials and 
many fiber materials can be recycled from plastic waste materials (Musenda 1999). 
Many different liquid stabilizers are currently being used in road stabilization 
projects. According to (Rauch et al. 2002) these additives can be classified into three 
main categories, i.e., ionic, enzyme, and polymer stabilizers. Usually they are diluted in 
water and sprayed onto the soil to be treated prior to compaction. These stabilizers are 
believed to work through a variety of mechanisms including encapsulation of clay 
minerals, exchange of interlayer cations, breakdown of clay mineral with expulsion of 
water from the double layer, or interlayer expansion with subsequent moisture 
entrapment (Peltry and Das 2001; Tingle and Santoni 2003; Eisazadeh et al. 2010; 
Tingle and Santoni 2003). In some occasions, the improper use of chemical stabilizers 
has led to millions of dollars of damage (Wiggins et al. 1978). 
The aim of this investigation was development of the geotechnical strength 
properties of Johor subgrade road materials using selected available chemical 
compounds for soil stabilizers. The behaviour of the soil stabilizers were tested to 
determine their influence in improving the strength of unpaved roads.  This experiment 
was a function of natural soil for a limited range of soil stabilizers under wet and dry 
cycles. The effectiveness was tested over a certain period. In this study, also, the 
compactability of the material was recorded during the curing time to evaluate the 
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influence of stabilizers. After collecting and analysis of the results, they showed that the 
mentioned stabilizers are able to improve the strength behaviour of subgrade material 
under certain conditions.  
The first step in this study was to establish the sample which used natural soil. This 
was done by carrying out Atterberg limits test, to establish the plastic limit, liquid limit, 
plasticity index and the grain size distribution test. These results were compared with 
already determined standard properties for natural laterite soil. The laterite physically 
has element of red colour, the above definition is not a clear and true one in that some 
soils such as red sandy-clay soil can easily be mistaken as laterite (Madu 1984). Laterite 
may be defined as that class of pedogenics in which the cementing materials are the 
sesquioxides and constitute not less than 50% of its constituents when the sample is 
chemically analyzed (Madu 1977). Sesquioxides are those chemical substances with 
empirical formula M2O3 where M = Potassium (K), Rubidium (Rb) or Cesium (Cs). At 
ordinary temperatures and pressure below 100mm mercury, potassium peroxide 
combines with oxygen to give the sesquioxides, K2O3. Study of laterite shows that it 
contains hydrated aluminum and iron oxides. The presence of iron can be noticed by the 
characteristic colour produced by iron in the soils. The aluminum is generally in the 
form Al2O3.nH2O, which is called bauxite, an ore of aluminum. The ore appears to be 
developed when intense and prolonged weathering removes the silicon from the clay 
minerals and leaves a residue of hydrous aluminum oxide (Gidigasu 1971).  Before 
carrying out chemical analysis for complete definition of laterite, a soil may be 
suspected to be laterite by observing some of the physical properties. Usually, laterite is 
reddish brown in colour and gravelly in texture. The reddish colour becomes 
predominant when wet while the brown colour becomes distinct when dry. Some 
laboratory index property tests are used to classify laterite. Such tests are the Atterberg 
limit, grain size distribution, compaction, specific gravity and linear shrinkage (Madu 
1975). The results of these tests are used to compare with the already determined 
standard index properties for laterite. Laterite is generally used as foundation material 
and in road construction as base material.  
2.  Materials and Methods  
2.1  Procedure 
The native tropical laterite sample used was collected at a depth of 1.5 to 2.5m from 
an existing borrow pit located in the Skudai campus of Universiti Teknologi Malaysia 
(Figure1), using method of disturbed sampling. An investigation into the geotechnical 
and engineering properties of some laterite of Eastern Nigeria by (Madu 1977) showed 
that the physical and chemical characteristics properties of collected sample are 
summarized in table 1.  
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Figure 1. Native tropical soil sample collection.
Crumb waste plastic material is a fine material and is waste plastic produced by 
mechanical shredding with the gradation close to 1-4 mm (Figure 2). All of particle
waste plastic passed the BS sieve no. 4(4.75 mm). The shredded tire used was obtained
commercially in l-8 mm angular mixed size free of scrap metal (Figure3). The tire was
sieved l-4 mm and mixed with the clay in percentages ranging from 6 to 15% by weight.
The tire was mixed with the dry clay and water was added to the dry mixture to give the
required moisture content.  In practice where large volume of the soil-tire material need
to be mixed, it is expected that the mixing technique will be similar to that employed in
lime stabilization of soils (Hausman 1990), where the soil is first excavated in situ and
broken down, the tire is then added, mixed with the soil and the mixture compacted.
Depending on the natural moisture content of the soil, clay with dry of optimum 
moisture content will require the addition of water to facilitate adequate mixing.
Figure 2 . Waste plastic crumbs (Polyethylene).
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Table 1. The physical and chemical properties of the natural Laterite soil.
Engineering and 
physical VALUES CHEMICALS
VALUES
(%)
pH (L/S = 2.5) 
Specific Gravity 
Surface area 
LL
PL
PI
BS Classification 
ICL
MDD
OMC 
UCS 
4.86
2.73
57.89 m²/g
71.8 %
34.60 %
37.20 %
MH
5.00 %
1.35 mg/m3
33.4%
290 kPa
SiO2 
Al2O3
Fe2O3
MgO
P2O5 
K2O
SO3
CO2 
33.55
22.31
19.40
2.07
0.11
16.71
1.98
3.65
Figure 3. The shredded waste tire
It was not possible to cry out bulk chemical analysis of the shredded tire to identify 
the percentages of heavy metals present in it. Hence, the results of the chemical analysis
work on American tire were used as an initial guideline. It was found that iron, zinc and
chromium leached in concentrations much higher than the maximum allowable
concentration levels set up by the US Environmental Protection Agency. Based on those
results, and the results of previous work optimum percentages by weight of tire to be
added to the soil were selected, such that the percentages added would be expected to
produce acceptable concentrations of the heavy metals in leaching tests (Al-Tabba and
Aravinthan 1998).
Sulphonated oils consist primarily of strongly acidic sulphur-based organic mineral
oils (Figure4). The two properties that make sulphonated oils are useful in soil
stabilization and they have ability to displace and replace exchange cations in clay and
to waterproof clay minerals by displacing the absorbed water and preventing
reabsorption.
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Figure 4. The Sulfonated oil. 
2.2. Characterization 
The Preliminary  laboratory tests carried out including determination of natural 
moisture content of the soil, particle size distribution of laterite, Atterberg limits tests 
for the laterite, linear shrinkage of the laterite, specific gravity of the laterite, 
compaction test, dry density/moisture content relationship for laterite and laterite-
stabilizer mix were in accordance with (BS 1377:1975). The soil mineral present in 
Skudai laterite was assessed by X-ray diffraction analysis (XRD), and the chemical 
composition used were assessed through the X-ray florescent test (XRF). 
Unconfined Compressive Strength (UCS) test were performed in accordance with 
the relevant section (BS 1924: 1990) and the quality of mixing water relavent section 
(BS 3148, 1980) for natural laterite. The specimens for the UCS tests were prepared at 
the optimum moisture contents (OMC) and maximum dry densities (MDD) for the 
stabilized laterite mixtures. The samples were tested under both soaked and unsoaked 
condition and at least three specimens were tested for each case. The unsoaked 
compacted samples were kept in desiccators. The specimens were periodically sprayed 
with water for curing of 7, 14 and 28 days. The specimens were cured at temperature 27 
d curing period, the samples 
were withdrawn from the desiccators, and kept in UCS machine. Another set of samples 
was also kept submerged in water for the periods mentioned as above before testing 
under soaked condition. The tests were carried out at a constant strain rate. 
3.   Results and Discussion 
3.1 Effect of untreated laterite soil under soaked and unsoaked conditions on the UCS  
The stress strain curves obtained from UCS tests for natural laterite soil in soaked 
and unsoaked conditions are given in Figure 5. It is observed that the failure occurs at 
the stress of 83 and 299 kPa corresponding to strain of 4% and 3.8% under soaked and 
unsoaked conditions respectively. These experiments show that the strength of 
unsoaked laterite is 3.6 greater than the strength of soaked laterite soil. 
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Figure 5. The stress-strain behaviour of untreated natural soil on the UCS.
3.2 Effect of treated stabilized laterite soil under soaked and unsoaked conditions on the
UCS
The effects of waste plastic crumb, shredded tire rubber and Sulphonated oil
mixtures with laterite soil on UCS values under soaked and unsoaked conditions are
given in table 2. Observations indicate that the strength of laterite soil in soaked
condition of the development of UCS occurs a higher rate with increase of soaking
period up to 14 days after which the improvement is nominal and almost stabilizes as
shown in figure 6. The results presented in table 2 reveal that in unsoaked condition
with increasing curing period, similar trend is followed as that of soaked condition as 
shown in figure 7. It is clearly observed that the peak strength increases rapidly at 14
days soaking period From the Figure 6.
Table 2. The failure UCS values of laterite soil and stabilizer in soaked and unsoaked conditions.
stabilizer condition Period (days)14 28 60
Sulfonated oil
(2%)
Soaked (%) 145 354 391 400
Unsoaked (%) 673 776 905 934
Waste plastic crumb
(4%)
Soaked (%) 125 161 170 174
Unsoaked (%) 510 643 810 831
Shredded tire rubber 
(4%)
Soaked (%) 120 155 160 162
Unsoaked (%) 492 630 795 820
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Figure 6. The UCS failure values of stabilized natural soil in soaked condition.
After 14 days soaking, the strength gain with increasing soaking period moderates to
a slower rate and improvement is negligible when the period of soaking exceeds 28
days.
The increase in residual strength is nominal for soaking period up to 28 days and
then there is marginal decrease in strength. Table 2 also reveals that the peak strengths
after 14 days curing are almost same and rate of increment is more within 7 to14 days.
The same, similar behaviour is observed in case of residual strengths in unsoaked
condition.
Figure 7. The UCS failure values of stabilized natural soil in unsoaked condition.
4. Conclusion 
The maximum increase in strength of expansive soil is achieved by using stabilized
soil cushion at sulfonated oil at a given soaking or curing period investigated. Further
increase in sulfonated oil content results in a marginal decrease in the strength of laterite
soil. Also, increase in strength of cushioned laterite soil reaches to maximum after 14
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days of soaking or curing period irrespective of sulfonated oil contents used in the 
stabilized soil cushion. With increase in soaking or curing period beyond 14 days, no 
appreciable change in the strength is observed. At 1.5%of Sulphonated oil and soaking 
or curing period of 14 days, the UCS of laterite soil increases to 3.6 and 2.19 times than 
that of laterite soil alone in soaked and unsoaked conditions respectively. 
The Sulphonated oil-treated materials had an increase in strength over the test 
period, and it was concluded that these stabilizers need a curing time of a few dry 
months to reach their maximum strength. The materials treated with the waste polymer 
and shredded waste tires gained their highest strength within 56 days after construction. 
Moreover, the sulfonated oil-treated material seemed better when applied for a laterite 
soil containing a reactive clay mineral. The waste polymer materials and shredded waste 
tires showed no material-specific properties. Finally, these chemical stabilizers can be 
recommended for using on low cost unpaved roads to reduce construction and 
maintenance costs, ensure that the unpaved roads remain drivable in rainy weather and 
dust-free in dry conditions.  
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